Ten nonrepetitive Proteus mirabilis isolates, which were collected over 4 years (1996 to 1999) at the teaching hospital of Clermont-Ferrand, France, produced class D carbapenemase OXA-23. MICs of imipenem were 0.25 to 0.5 g/ml for these clinical isolates. Molecular typing revealed that the 10 P. mirabilis isolates originated from the same clonal strain. Hybridization of I-CeuI-generated chromosome fragments with a bla OXA-23 probe showed that the gene was chromosome encoded in the P. mirabilis strain.
The ␤-lactamases are divided into four classes, designated A to D, on the basis of their amino acid contents (3) . Class D ␤-lactamases include oxacillin-hydrolyzing, or OXA-type, enzymes, which are characterized by hydrolysis rates for cloxacillin and oxacillin higher than that for benzylpenicillin (9) . Recently, oxacillinases OXA-23 to -27, which hydrolyze imipenem have been repeatedly associated with imipenem-resistant Acinetobacter baumannii (1, 2, 7, 11, 13) .
During a survey of Proteus mirabilis ␤-lactamases performed in Clermont-Ferrand, France, we observed isolates that exhibited the ␤-lactam resistance phenotype of the IRT/OXA type and produced the same non-TEM ␤-lactamase of pI 6.9 (10) . In this study, we report the characterization of this enzyme and its genetic support in 10 clinical P. mirabilis isolates. The 10 nonrepetitive P. mirabilis isolates were collected over 4 years (1996 to 1999) from different patients hospitalized in various wards of the teaching hospital of Clermont-Ferrand, France.
The 10 nonredundant P. mirabilis isolates were genotyped by ribotyping and pulsed-field gel electrophoresis (PFGE) (Fig.  1) . Genomic DNAs were prepared from the 10 Proteus mirabilis isolates and 3 unrelated isolates. Ribotyping was performed as previously described (4) with endonuclease EcoRI (Boehringer). PFGE of restricted genomic DNA was performed with a CHEF-DR III apparatus (Bio-Rad Laboratories) as previously reported (12, 22) , after DNA digestion by endonuclease NotI (New England Biolabs, Hertfordshire, United Kingdom). Lambda ladder (PFGE Marker 1; Boehringer Mannheim, Meylan, France) was used as a DNA molecular size marker. With both methods, the 10 OXA-23-producing isolates had indistinguishable (9 out of 10 strains) or closely related (1 strain displaying one genetic event of difference by PFGE only) patterns, which differed from those of non-OXA-23-producing P. mirabilis strains by more than seven DNA fragments in PFGE. The 10 OXA-23-producing P. mirabilis isolates therefore derived from a single clonal strain, designated CFO239, which had become established in our hospital over a period of at least 4 years.
The kinetic constants of the ␤-lactamase, carried out as previously described (14) , showed that the ␤-lactamase of P. mirabilis CF0239 harbored the enzymatic features of a class D enzyme (data not shown). Probes specific to the major oxacillinase lineages (OXA-1, OXA-2, OXA-10, and OXA-9) did not hybridize with the total DNA of P. mirabilis. No amplification was obtained with primers located in the type I integrase gene and in the 5Ј and 3Ј conserved regions of type I integrons. The OXA-encoding gene was therefore cloned as follows. Genomic DNA was extracted as previously described (20) and partially cleaved by endonuclease Sau3A, and the resultant fragments were ligated in the BamHI site of pBK-CMV phagemid (Stratagene, La Jolla, Calif.). A transformant containing a Ͼ12-kb recombinant plasmid, pO239-8, was obtained on Mueller-Hinton agar supplemented with 32 mg of ticarcillin per ml. Subcloning was then carried out with plasmid pO239-8 by partial digestion with endonuclease Sau3A and purification of the resulting 1.5-to 3-kb DNA fragments by electroelution in a dialysis bag (20) . Different recombinant plasmids were obtained, one of which, designated pO239-2, harbored a 2.2-kb insert. Sequencing of this insert by the procedure of Sanger et al. (21) showed the class D oxacillinase to be OXA-23, an enzyme previously observed in Acinetobacter baumannii 6B92 (11) . Recombination sequence 59-BE, which is associated with gene cassettes inserted in integrons, was not observed, and the close genetic environment of bla in P. mirabilis was identical to that observed in A. baumannii.
OXA-23 is the first member of a novel lineage of class D ␤-lactamases. This cluster of class D comprises five enzymes (OXA-23 to -27) that have 60% homology. The enzymes harbored a weak carbapenemase activity (relative V max , 1 to 3% of those for penicillin G) (1, 2) . These class D carbapenemases have so far been associated with imipenem-resistant A. baumannii strains. P. mirabilis CFO239 is therefore the first instance of a clinical strain from the family Enterobacteriaceae producing a class D carbapenemase.
The Table 1 ). The ␤-lactam resistance phenotype of OXA-23-producing strains was characterized by resistance to amoxicillin and ticarcillin alone and combined with clavulanate. MICs of cephalothin and cefpirome were higher than those of P. mirabilis ATCC 29906 and E. coli DH5␣. MICs of cefoxitin, aztreonam, ceftazidime, and cefotaxime were unchanged. The MIC ranges of imipenem and meropenem for clinical P. mirabilis isolates were 0.25 to 0.5 and 2 to 4 g/ml, respectively. The MICs of carbapenem for OXA-23-producing transformant E. coli DH5␣(pO239-8) and P. mirabilis ATCC 29906(pO239-8) were fourfold higher than those for E. coli DH5␣ and P. mirabilis ATCC 29906. The weak carbapenemase activity of OXA-23 (1, 2, 11, 13) probably increases the MIC of imipenem, but our study provided no evidence that the enzyme confers imipenem resistance in P. mirabilis and E. coli. Therefore, the relative nonsusceptibility observed probably has no major clinical consequence, but could be involved in the persistence of the OXA-23-producing P. mirabilis strains in our hospital. P. mirabilis isolates exhibiting a higher level of resistance to imipenem (MIC, 8 g/ml) have been previously reported in strains harboring alterations in penicillin-binding proteins or outer membrane proteins (17, 18, 23) . Marier (16) suggests that the fairly high MIC of imipenem could explain why P. mirabilis is not eradicated from soft tissue. These results also suggest the presence of additional resistance factors that enhance resistance to imipenem in class D carbapenemaseproducing A. baumannii, for which imipenem MICs were between 16 and 64 g/ml.
In A.baumannii 6B92, bla OXA-23 is located on a 40-kb plasmid. As in previous reports on A. baumannii 6B92, bla was not transferred in E. coli C600 (20) at 37 or 30°C in solid or liquid Mueller-Hinton medium. No plasmid DNA was observed in the extracts, which were prepared by the Qiagen method (Diagen, Hilden, Germany) and the method of Birnboim and Doly (5). Electroporation of DNA extracts did not yield transformants on Mueller-Hinton agar containing ticarcillin (8 g/ml).
To search for a possible chromosomal location of OXA-23 genetic support, we used the endonuclease I-CeuI (New England Biolabs, Hertfordshire, United Kingdom), which digests a 26-bp sequence in rrn genes for the 23S large-subunit rRNA (15) . After digestion, the separation of the resulting fragments was performed on the CHEF-DRIII apparatus as previously reported (15) . The sizes of I-CeuI-generated fragments were determined by comparison with Saccharomyces cerevisiae chromosomal DNA (Bio-Rad Laboratories). As with other bacterial species of the family Enterobacteriaceae (15), seven fragments were generated from DNA of OXA-23-producing P. mirabilis CF0239 and clinical P. mirabilis strains without the bla OXA-23 gene (Ͼ2.2 Mb, 680 kb, 600 kb, 365 kb, 325 kb, 285 kb, and 42 kb), as well as from DNA of an E. coli strain.
After immobilization on Nytran filters (Schleicher and Schuell), the I-CeuI-generated fragments were hybridized with three different probes: the 16S and 23S rRNA probe (Roche Diagnostics, Meylan, France), a bla OXA-23 probe, and a probe specific to the ampC gene of E. coli. Labeling, hybridization, and revelation were performed as previously reported (6) . The rRNA probe hybridized with the seven I-CeuI-generated fragments. The bla OXA-23 probe hybridized only with the Ͼ2.2-Mb gene to be maintained in the strain, it must therefore have been inserted in the chromosome probably by genetic events of recombination, cointegration, or transposition. To our knowledge, this is the first report of a chromosome-encoded class D enzyme in the family Enterobacteriaceae. Class A and C enzymes (GN-79 and CMY-3), which are generally plasmid encoded, have been observed in the chromosome of P. mirabilis strains (8, 19) . The putative insert sequence ISEcp-1 was observed upstream of bla CMY-3 (data not shown), but was not detected in P. mirabilis CFO239.
